Role of endothelial cells and their products in the modification of low-density lipoproteins.
A majority of the LDL preparations from various donors could be modified by incubation with endothelial cells from human arteries, veins and microvessels. These alterations comprise changes in electrophoretic mobility, buoyant density and lipid composition of LDL, the generation of thiobarbituric acid reactive substances in the medium, and a decrease in primary amino groups of LDL. Furthermore, the association of endothelial cell proteins with LDL was demonstrated by [35S]methionine incorporation and trichloroacetic acid precipitation of reisolated endothelial cell-modified LDL. After SDS-polyacrylamide gel electrophoresis of the reisolated modified LDL particles, radioactivity was mainly found at a molecular mass of 48 kDa and at one or two bands with a molecular mass of more than 100 kDa. The 48 kDa protein was identified as a latent plasminogen activator inhibitor. Cell viability was necessary for the cell-mediated LDL modification, which indicates that endothelial cells are actively involved in this process. The Ca2+ ionophore A23187 and monensin did not influence LDL modification. LDL modification was markedly inhibited by antioxidants. It was not prevented by cyclooxygenase and lipoxygenase inhibitors, which indicates that non-enzymatic lipid peroxidation is involved. Transition metal- (copper-) induced lipid peroxidation results in similar physiochemical alterations of the LDL particle as found with endothelial cells; it is prevented by the presence of superoxide dismutase. In contrast, endothelial cell LDL modification was not influenced by superoxide dismutase. Catalase or singlet oxygen and hydroxyl radical scavengers also did not affect it. We suggest that yet unidentified radicals or lipid peroxides are generated in the cells or on the cell membrane and that these reactive molecule(s) will react with LDL after leaving the cell. HDL and lipoprotein-depleted serum prevented LDL modification markedly, and to a larger extent than that by copper ions. We speculate that LDL modification by endothelial cells will only occur under those conditions in which the balance between the generation of reactive oxygen molecules and the cellular protection against these reactive species is disturbed.